. Such covalent attachment of a dye molecule to the polymer backbone, will broaden the absorption window of the conjugated polymer, and extend it to longer wavelengths [18] [19] [20] . This is of particular importance in polymer bulk heterojunction (BHJ) solar cell devices, since extending the spectral range of the polymeric material to the red region will increase light absorption by the active layer, leading to higher short-circuit currents and efficiencies [18] [19] [20] [21] [22] . In contrast to these structural and spectral advantages, experimental studies indicate that intra-chain energy transfer in isolated polymer chains is up to an order of magnitude less efficient than energy transfer between chains in polymer films. 23 Our goal is to develop methods of increasing electronic energy transfer within isolated conjugated polymer chains. nucleic acids, polypeptides and proteins 40 . In addition, these are excellent systems for testing models of electronic energy transfer in conjugated polymers 41 -44 . In particular, the Förster model for electronic energy transfer using point dipoles appears to break down at small PF-porphyrin distances, and the efficiency of energy transfer is suggested to show considerable differences if the two moieties are colinear or cofacial 43 . In this paper we compare singlet-singlet electronic energy transfer in two fluorene based anionic conjugated polyelectrolytes which have different PF-porphyrin orientations. For the colinear system, we synthesized an anionic poly(fluorene-alt-phenylene) with porphyrin units incorporated randomly on the backbone (Scheme 1). In the second system, we have self-assembled the polymer and porphyrin. We have previously shown electronic energy transfer within a self-assembled system involving anionic porphyrins and cationic fluorene based conjugated polyelectrolytes 32 
Experimental Section
Synthesis 2,7-dibromo-9,9-bis(4-sulfonylbutoxyphenyl)fluorene and poly{1,4-phenylene-[9,9-bis(4-phenoxy butylsulfonate)]fluorene-2,7-diyl} (PBS-PFP)
were prepared according to published procedures and have been described elsewhere 41 . The synthesis of dipyrromethane and 5,15-diphenylporphyrin was carried out with slight modifications of previously described methods 47, 48 see SI for the compounds characterization. Steady State Spectroscopic Measurements. The measurements were recorded in water, and dioxane -water (1:1). All the solvents were of spectroscopic grade and Milli-Q water was used. To ensure almost complete dissolution of the copolymer, solutions were stirred overnight. Non-ionic surfactant ndodecylpentaoxyethylene glycol ether (C12E5) was purchased from Aldrich and used without further purification. Absorption spectra were recorded using a Shimadzu UV-2100 spectrophotometer with a minimum resolution of 0.2 nm.
For the steady-state measurements, fluorescence spectra were recorded with a Horiba-Jobin-Ivon SPEX Fluorog 3-22 spectrometer and were corrected for the instrumental response of the system. Fluorescence quantum yields were measured using quinine sulfate in 0.5 M sulfuric acid (for the poly(fluorene-altphenylene) region) and meso-tetrakis-phenylporphyrin (TPP) in toluene (for the DPP region) as references. Corrections were made for changes in refractive index 52 . 59 in C12E5. In part, this may result from photogenerated excitons being transferred to the DPP units. However, the sum of PLQY for emission from PF and DPP units is, in both cases, less than with PBS-PFP in the two solvents, indicating that some loss mechanism is also involved.
As shown in Figure 3 , there is a strong overlap between the 0-0 emission band of the homopolymer PBS-PFP and the Soret absorption of the DPP; since the emission from the Soret band is weak, it acts as a dark state and the emission arises preferentially from the lowest energy Qx band 35 . 
Time-resolved fluorescence
Fluorescence decays were obtained in the dioxane-water (1:1) mixture upon excitation in the poly(fluorene-alt-phenylene) unit (372 nm) and collecting at the PF and DPP emission maximum ( Figure 4 and Table 2 ). A value of 550 ps (τ3) that dominates the decay, together with a shorter lifetime value of 60 ps (τ1) is found when the data is collected at 410 nm in agreement with previous observations 60 . The longer decay lifetime (τ3) has a value very close to the previously described for PBS-PFP dispersed in the C12E5 micellar system 41, 61 and is attributed to the natural decay of the PF backbone 41 . The fast component (τ1) is suggested to be related either to the formation of an initially formed nonrelaxed conformer that decays giving rise to a more stable one 60 , or to on-chain energy transfer process 60 . Nevertheless, sums of three discrete exponentials functions were needed to fit the excited state data collected at 650 nm. In 
TPPS self-assembled with PBS-PFP via calcium (II) binding
With PBS-PFP-DPP, the porphyrin is expected to be collinear with the PF units.
We will now discuss the second PF-porphyrin energy transfer system in which the anionic porphyrin TPPS is self-assembled by calcium(II) ions to the homopolymer PBS-PFP (Scheme 2), and the PF and porphyrin units are expected to be cofacial. The potential application of this system in sensing and in molecular logic will be described elsewhere. 64 We have previously reported the The characterization of the hydrophilic porphyrin has been described elsewhere. 65 The absorption and emission spectra of PBS-PFP were recorded in the same solvents used with PBS-PFP-DPP, dioxane-water (1:1) and 1x10 -4 M aqueous C12E5 solutions (above the surfactant critical micelle concentration, cmc).
Scheme 2. Structure of the electronic energy acceptor mesotetrakisphenylporphyrinsulfonate, TPPS.
Calcium (II) modulates the self-assembly between the two negatively charged components. Energy transfer from the PBS-PFP to the anionic porphyrin is evident from the PL spectra ( Figure 5 ). By adding different concentrations of porphyrin to the polyelectrolyte at fixed Ca 2+ concentration 2×10 -3 M there was a decrease in the fluorescence band in the PF region and a corresponding increase seen in the emission band of the porphyrin (λmax = 650 nm). The quenching effect is most pronounced when the polyelectrolyte is dissolved in the dioxanewater co-solvent solution mixture, see Figure 6 . As will be seen, significant differences are seen in energy transfer from PF to porphyrin units in the onchain and self-assembled systems, in agreement with the predictions of Wong et al. 42 In addition to effects of orientation of the donor-acceptor units, other nonradiative deactivation processes may be possible in the PBS-PFP-DPP copolymer, including charge transfer, triplet formation, exciton -exciton annihilation and molecular excimer formation 35, 66, 67 . With the low light intensity and dilute solutions used, the latter two processes are unlikely.
For the self-assembled system, control experiments of the effect of 2x10 -3 M Ca 2+
on the photoluminescence of the PBS-PFP copolymer solutions were also performed and no significant differences were observed in the spectral shape or mixture, Figure 5 and Table 3 , since calcium ion induces strong copolymeraggregation 46 , and the large aggregates are likely to favour energy transfer from multiple PBS-PFP units towards TPPS. In contrast, for the self-assembled system in the presence of the non-ionic surfactant, a lower PLQY was found for the TPPS on excitation of PBS-PFP (Table 3 ). It is known that C12E5 wraps around the copolymer forming supramolecular structures that shield the PBS-PFP from the aqueous solvent. 55, 68 This means that calcium ions are likely to only bind to the exposed sulfonate groups on a single PBS-PFP chain, such that energy transfer is from one CPE molecule to the bound porphyrin. Small angle X-ray (SAXS) and neutron (SANS) scattering studies are in progress to obtain more structural information on these systems. 
